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(57) [S«|]' 

[Ml 2«C©«JB«T«©miS:'l/4«»Rt»*a 

a, idnt» i«flii**nffl*c«ife-r5i/ 4 ** 

»§21/>X2 0£jg$U£ii«#jfeL8\ ISHSttRla 
CioT, 1 0 i:Sm^L 2 0 i:{C^(Si#n-C 2 

L2 lfcH«M6L2 2J:C*li*'tlTl«WBr5aC4 

WWHRla, l'd'ft, 
i: ©JS#r *.pi*SVMJiNbOi 
fcJ^TJBJjWftCi:^ SMfclB 1 5a±©#«Sd£ 

fcSCtt*' feflfflK 1 a, i'd<D*3*$AJ: 5 
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1 



£|S]C£IHttC 2 bT 2 ^©^C^-glf S^fi 3*115? 
kbT©«l©£B#Tffii:> 

»*l©tttB*T*4»60 2oC!)3fcft*n*ixl/4«ft 

»l/4$:StgA»e>©2:3©3fc£s' luiB^l©^[qii:iI 

&-f a* 2 ©jsra camwc-tii-en 2 b-ctt- 40 

©#C#&t-53fe^£?fcbT©£2©«B8T«i:, 5 
fflllBft 1 ©&a#r « t mJlSSS 2 ©fflJitfrffi © a *> ©'J> 
fc, 

[fUW!l2] stil3^1CD«S#fSi:ijiS»2©Sa*T 
EBbfe, 

o 

[»«W3] |!j!3Sl©ffiSlf1gSU f B?ii3^2©«fl 20 
#T«i:> £ft&^©llilIBfc**?fc©IM©*JH8C* 

c fc zttmtt s maus i xtt»*B 2 ia«©zgm« 
4 ] g9iB« i (Dm&9rfo&vmnzm 2 ©«a 

[■MW5] JRIBl/4«ft«fctt*T* *©*#ffl -M 

£4 5* @HE£#S#*J!rp£bT©ig#tR«:EBb 

Ci:*4«*i:-rsi*#«U 2, 3, Xt*4Ett©gn . . 

lasi^fcfflHtEasnfe, w*bi> 2 x 3, 4, x "40 

r V - > *y * v * - 5 d it & - IS V 7 * 7 * * 5 T * * 

d = t x (n, ^ -n. , ) / (2 
,^T\ t :'««*?*©**' 

n. -.mmm 

n. :'ff3fefl*f* 50 



( 2 ) t*KI¥ 1 1 -2 8 2 0 4 7 

2 

sa bftv-»&ECKH b tz. 
7. 

[»9i©B«feKiJin 

[0 0 0 1 ] 

[»iBo*-r *»wat, ai»««»7^;u 

* -RVz titffi 7L tzTV* ;i/*f-;u# * y £ HI" 2> . 
[0 0 0 2] 

[*£*©&*] CCDftifoaMMlfSfll^fcT^^v 

7,^-^13 /■ vtfcoTfi, fi^«^©Buat h--y htt© 

fe#fl?7 4;V*- i #EB;*;h.Ti5»K ;®6^7-f* 
^-©»0iS-bh:<vf- (HJRt:**-) t*i:flt02SH« 
«»£:©£- hCfcoTfi©*^, v ■>£>•$!>£ rgt7' 

Jtf«&©, tl»l/>Xi:ff&$?£:©!HJc, SHJ1« 
&S$iJK?-£&«>©£iHJlM*7 ;i>*-*Efi bT^ 

a*f*4«£S«lJ««*©-o4:bT«ffl**iT*?), c 

©«fl#r«B\ -ihc, 2k«cj:o"r»j«*.ii'C^5. 

[0 0 0 3] GO 6 C % 6-2 0 3 1 6 

fS£ftTv>5£HJ3»&7>r;i<*-£^-r, c©&© 

18cifc2tfcifcT?H:H:9 OlftiSiot:, 2*fc 
©«B#r«fcfi*^iJ*T*J«bfcfe©-Cfc D, K f h 

[0 0 0 4] WTs *<0«fi8i:JH3l*«*C»WfS. 
WJ1/>X3 l*ailbfci«JfeO««ifc*3 6tt, 1 
«CSO»B*rtR3 2CAJrt-*i:, ft©&JKlt# 1 : 1 
©»*3 7.t'll»3fc3 8 fcaoT2-3©Jfe»Ca*ix2 
S&£fcl>. »M63 7i:*«*3 8i:tt,.l/4*«« 
. 3 3 k, «2C 9 0 ° ffi*i©S«: 5 2 o©P5 

H^3 7'- i:Rd#3 8' kCgaft*n5. ^2©SH 
*f*3 4CXItbfenfi^3 7' kP3ffl^3 8' tt, 85 
#©RS*3 7' tf*ft<nafi«©<fb^#*3 9i:JI 
#Jt4 0i:lC, Sfc, |5tf$tC> ^#©ntlife3 8' 

n-en?a«©^bv^3t4 1 hmsm 2 tc^A»ti 

S. CftCi-!) v jW3H?3 5±i:tt, 4fi&#Jfc£i££ 

n*. ajasf«3 2, 3 4{±. ^n^ncss^f^is 
&©m#isi#9o o rnsidciifr^bsixtv^s 

©f> jWMS?3 5±©4|Mfc{±x #*©««**» LV^ 

*jSlllll©Elit*««di:f*i:N c©*«*dtt*© 

(1) ^f#^.f>fl5. 

n 0 xn„) (1) 

'SSIBJWaK^-f^-tt* c;©2tt©S^atTtR3 2, 3 
: 4 * 1 /4 SEStR 3 3 fcUM/Tftt 5 ^to*T-WbT5 

'•^kKioTflfjiesix-cv^a. 




( 3 ) fiffl¥ 1 1-282047 
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[0 0 0 5] IRA-yh7-fW-i:^btT5. 3 8m 

i&w&m&LXottzmm) £^©7^*;^ 3^ m&©jp£K:&o-tb£7, 

(dsc) tDimmwftmMmut, Mmmit [0009] z.<D£otzmz<D&?$m%L&7 * 

RVXmWfct^o<D~'D<Dlifat i hZ>, iBffl©:*:££ jWl/VXkCCDtOlHCEIB-fi^fctt. 

*«6*®l/3-f 1/2-f >f-liJSC«^fc* X»«fcCCD©g#Sfc©IHK:ftCfiItiEfi-r3<&5 

$-py#K*-b;UfcjB*5iM*fcS3i»S»£Ctt* ©fc^HRW£l/>X5/+s/*-j£D SC©*£-e*o 
Ot»f9>51i^-9--l'X^/J>^<&5^[SlC^5o fchxli X-^>7\ 7*-2r>>7"^©£:ft : £#^b£: 

1/3-f >f-g«©iiIBi-y--fXTJl 3 0^B*SfiE©a f«&U>Xft&Sgi:CCDh©fHPB©ft'h« 0r*tofl>3 

SSftOJifcSfS^T-H:, li^t:'y^{i4/immJS-C^i>o l/>X©.>W77;i~ AX) #^HH88S7-f ;i/#-© 

^f££bTg&-)8Si$&7j<flffi£fflOTf#3Cttv 5 8 ±©$"Jft{ci!5:S. ^tUc&ifbT, Sf'Jvft^S/S^-f 

9 nm©Kft©^CM1--2i7jc B B s ©BtT^rx. = 1 . 5 Kl/VXCiSlfcSfMftftifflk T^ICCDtM^t 

5 3 36, n,= l. 5 4 4 2 5-CSiOT, (DSC 5-111/7*^ 7*ODSCO»^ ««U>Xi: CCD 

JP3fcl0. 7mmgJSCaS. l/4&Hffi©JP£fc9-- 7 U > ^ 7-XttHS*»W 5 7-#*-f!BBi:fc 

&gdt§S#fc< 0. 5mmgJse#g&©T% E6C^ 0, £ £ tf^jfcf&XttC C D©iK£{I^S&frtB bB#© 

tSF^/iIiSa7'i , ;u^-5:«fi!c-r^<v 2tfc©j>kil« &#©£©* A^ y^-tf&gtftS, SgUVXi: 

(«JH#r«3 2, 3 4). fcl/4«fi«3 3i:S3tScfiS *©e*Bfc©H£S ^-fcS'-V' v*— fc^EBSftT 
9l§rfci±fc^§r©:£#0JP£(^ 2mmilt«:5. — jKOfStg©— BSU 7** 5 fcH b£#> 

[0 0 0 6] tZZtiK &K.-mi'7 9+7'** ^tfl! 20 *©±'£ f>C 5 mm£jg*32H/3?8«7>f S 

^fcftS«f«?©J:7fc*llffifb©J!riS^»tri:. * 5-^S/ + v*-©fftt*^*b&v>.fc3K:E«-*-6© 

tf#g&3. 1/3-T >^C.CD&£>iIjS©*t£li fiffiHT-feSo ^CgiS©*^ 7tt^"— b7st— *X 

3. 6mmx4. amrngflTC*** 1 , dixt«l*K* (AF)flS#»#x -El/7**5©»£tt*-f f *U 

$g7-r;UAT-©IX2 4 Oi'X^A (Thvo* 1-7* ^->?7— ©KffiJ, f^t't.y'f y*'J*->55- 

h->7rA (APS) ) C*lt6C*-f 7" (IKttft2 : - fc^-V v ^-fcC^CES Lfc1fX5 5— t i?TM 

3 = 1 6mmx 2 4mm) £|b]S?©"*M X©iHIi©C C *^fea^SC^< fflt, 5 mmSS^S ,£-5&J*£ 

i^TB2 0 0 0»lB*£U:fcfc^Tl,SV\ CCD [0 0 10] ^CT% *»raitx ±a6*WC*#Tfci* 

^*>?>*^llffl{b^^;i/Tr{±^^i:#x.?>nSo APS 30 J1&S7 4 JV^-RX^Ztl^m^tz^^JV^JV^^ 

-C^>CXfia©7CilfflCCDT-(±s ll*«tt2S»+ 7Satt1-S3i:$iWi:t-5*)©T-$i.. 

^gStfSSfc^SStU -tOkgOiSSRKs; ^ttl 0 [0011] 

tS^mi:*S. [WB«*»-r5fc»©*a] ±xE©lWS^t-5fe 

[0 0 0 7] -tflfc'LTBjSRfcrs'T-l 2>umT-APS- »©lf^ 1 C#S2SfHJa^7 4;V*-t±, X7J#£ 

Cit-fXffiCCD (16mmx2 4mm) -^©JHfrTJlRli-ittSS-r l©7?|JDK3£Hl*JC2#i!lb 

i:, *©H3Sa(±JK 2 6 7 7j Sigh's: 3.* d ©HSR C s> T 2o©#C#«-r*^Sfrf fcbt©^ l©ffiHSft£ 

5 ! -12 ! um©eCDC«lffl-r*a!lHIW«»7-f;u^- i:> »m©^^*»6©2o©&fc-tii-«il/4 

tfc aHJfr*ft*BT;*fiM-3fc, *fi*l'ft©JPS -«iKH[E**'i5*¥«?i:b-C©l/4*fiSi:, SI 

tt, (1) Sttd=l 2^m^AbTH-»f *kt= /4«ft**6©2-9©*4x iitlKSS 1 ©^ft^SSTT 
2. 0 4mmfc5S:8. C©JP$©*ft«2«tfcl/4tt 40 SIS 2©#lS^ffllBI«fc*ft*n2^b-CW-4o©3fe' 

*« (0. 5mm) gHJilttR7-r Ji/ fc&^S&**?fcLT©S^©«B«T«i:, £{f 

£-©;p£|£4. 58mmi;&*K 4 ,um £*?■©£;§ sufE^ 1 ©SJa*ftSi:iif3^ 2 ©ffiSJflSi:©^ 

■©2SHJl«dS!t7-f;v^-.(J5$2mm) ©^Jii.±©JlS ®^*< i:*-^^, 'J^^A^-'f^- htctoTT^ 

(0fl0 8]*6C, CCbSfl^ftDSCTtt, CC' [0 0 1 2] i©»*ll l©ffiHW«9R7-f ;v*'-K: J: 

. D©^«flWAH©i©*ftfc*fcSfc»» Aft3te» Sir, 1gStr«£L iNbQ.C ,fcoTJB*-*-Sc:i:C 

5©#att7!'**. . -© IR* * h 7 ;V<f- Of* T, 4o©*E-3VT©fl D^StS (B«tt«SE) 

0. '8mmiS) *\ SSIH««3R7-f ;i/^-"fcftS6^t» idtbfeS^ SJa#ftR©Jf *S»<f SC-k^TJg 

■fr'TEai" S-.f *^>. 1 2/im^JiS©^W)^®SSt7-f 50 5. 
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[0 0 13] »*«2CffsfflWH*ft:M -n^-tt, 

**?i:bT©IR*f h7-<;i/*-£EBb£, ci: 

[0 0 14] cflDI»*q|2©*WtJ:iJ:H fS&^SSl*) 

«£R3'"'''g8S7 4 ;i/*-©J"P;? Si.<t5i fc. tf f ^5, 
[0 0 15] W«a3CffiSIBffl*»7-f ;i/^-tt» 

fji2^i©aa*f«su : fiBe^2cosja*f«i:> cne> 

Bl^ffllB3t**?i:©HO*^®C> Eitfi6.it""*- I s 

[0 0 16] £©»#g3©IMBtcJ:Si:, «ffl#rf5£ 
'J f - A:M tf'*- h T- "F2J& UfcJi-&©^T- (*3® 

[0 0 17] lil5R«4t:^2)SHJl«»7'f ;u^-{±, 
jtuEsB 1 ©«S«TffiStf b5I3^ 2 ©ffiS«f*©»$ 
iii&Wil-OfrE***?©** <t f < 

[0018] ;:©!»*« 4©*fl8Ci s ssnmsak 

^©jfe^SS^oW? ©TEr^^EW £ & * SHJl&IS 7 
-f * - 1 #t" * 4 = 

[0 0 19] »«5l5fc«*ffillll«*»7-f ^-tts 
«El/4"-MHRCtt*T> #©J6#li*£ 4 5 0 
*S3tt**?i:U 4 C©i(63l6lR*E*l/*:v cfcSWRi: 

[0 0 2 0] »«B6C«5fy*^f/!/*^ 

5tt, «^i/>xi:> -si*iwi*«7--;i/*--i:, mm 
vcs^t, iii!a^jiiSc»7-<;u^-6 s s taaaitflju 

2, 3, 4, Xtt5E«©S!|HIJB«»7-f^-T?a& 

[0021] it^a7H^S7 : y^;i/7sf L ;i'*/vtt, 
^-f u*— >^7— &w?*— *;v7"u— 

[0 0 2 2] W&JHSC&ST^^TxT-^^fciu 

^stfttb-rsfc»©TTL^tftni^esii^, tufa 
[0 0.2 3] c*i6»«ae» 7, s©^**** 1 * 

ja©*C*©**EK'C'S*J»*.©*''^IBW**7''' 

^©^t*©**^*^*?:©******^*^ 

&DSCA-X7K:*lffl"e*5. '. 
[0 0 2 4] : 




4) »BB¥1 1 - 2 8 2 0 4 7 
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n©^»to^"rttiw-rs. 
[0025] <*m©«jbi> ajB«f»*ft*r4«* 

tUT, *fl©fl«ttyf-$A*4*'<--h- (LiNb 
0,) tWliXT^Z, U^A^^-K-J:, «be 
Sfrtt*i:atrttKft*]ffl frii««l«©»tt*iB*7 

ftjpjfflbtu— !f-}fe©*«Bi:UT«ffl*ix&5 bt 

v>s#, «H^&i^©&©£fOTb£^t5h^& 

^. b*b^©Sfl*f : £^c1-14KS^Jl^7^^ 
10 *-CifiJffl-f*l(£, LiNbO.tt:, 2 5'C©t#(:> 
fc&5 5 0 nm©^©Mm#£#T3Sff r $'A s n 1 = 
2.. 2 2 3 8, m7fctC*f-f3B#f*#n. = 2. 313 

*)±g^(DT\ |s]bJP$©li^-t:(i, 7kffiJ:t)<&7<:f«: 
^■gtSd^ff SCt^T-t^o 0>J*.fcf> 1 
• fidSfffSKfefc, (1) Si:±j£©n.» n.Citti 1 ?), 
t=0. 3mm£#ffi?-S£t*' - '""-£*5. :fltt, zkS 
©2. 0 4mmSC*fbT J !:© 1 5%£$g&W 
[0 0 2 6] S It, i£a#rtS£L iN 

20 bO,Tj&5fcbft2HffliWR7'r;i'*-S, -§SU7^ 
•< yorytwf-frtij-^ (dsc) •ca^aA,-"*^ 

S^-fo WEHix D SC©®JS£^-ffi&Bff@l2'T: 

[0 0 2 7] I^Hat^-fDSCtt, sflSB (IbI^©^ 
-rV>-5) tlx £i?*l"~at6&**l>>7C2 0 (E!3#Jf"*) £ 
"ROW* "&&»©"?">> 1 #19: It 6 "IT <^ So 

PIUT-tt, »»l/>XSI!H)^bfcttSaS:El^b 
TH*. «IBl/>X2 0taai/fc*5tt:3teLtt, ¥3 
^©£-f y^D* — 2ti?T, h7sf 

30 -*7n (AF) ©fe»©jSja^L 1 i;7W V^-RfS 
ffl©SM^L2 k(C^J!i$tl5. mmftL ltt77-f > 

+f 7*5 7-1 3 CfiWU "i?-""^ "**«»© TTL 

. BIS (ftS) ^^^^2 1©«^®2 1 aC« 
5(«fcfcfi«feU -e©^fi^>^7-UXA2 2S^bt 
SEISU>X2 3CJ:-3T4£^:$nS^^^S. 
[0 0 2 8] DSCtfl/'J-X^ftSk, *-fy£'J* 
->^7-l 2ii, -9-7*5 3tti><C, S«Si5 1 

40 2 aS-t>^kb'r±"SlcBUa±|-f |a]"a't 1 ©— jS^ 
HI 2' t?w1"(5iBt."lj8 - f S. vtixCtD, SftU> 
X2 0ft23§lyfc*¥ft*Lttx SffeS15a (»j£) 

[0 0 2 9] DS.C©^gf5 (Hia-f©-Sffi!lSVN9) C 
li, .jmaR^y^-yi-B^EE-S-MTV^*. S^S5 
^vir-S?l 6ttx- CCD*EAoT***ftfcl«l 
" JR? 1 5 -eoa^ffl 1 5 a©ttBft«5 S/-;i/-tf-5 

. -lli, s/-;u#57»2©'|JlBCifiK:2t(rt-*-J;'5C- 

50 bTEB$nTV%5. affc*?/W!r-y 1 6 K; 7*5 



( 5 ) 

• 7 

Tv M 7§tfM,T:*J^7#ftl 9Ctol: 1 8t iot 

ixc J: t)x afcJK^y*-^ 1 6©?t&E 1 5 atf# 
[ 0 0 3 0]. £BJHi£l&7-i , ;i'*-l k.m&Ot'fv? 

E»#nr*j5\ »»*fi 5©aHMi*©tt*aius 

©*3fe*froT^5. (B1UU .«3fc»©ffi*»*tBU& 

J«fcjR?«*B»fi«fC 3 

afcP&KbT&WfeLi'ff&l 1 5 a fcSljtTS J: 3 

C0 0 3 1]H2t4, #8EfcRSffi|BI«*tt7<f;i/* 
-lOHHSw-rWaH'Ci&i. |S]EIK^-f£FiJW*» 
7-r;u^-ilis 4 8c©«tt©&**3% * 
l©1*JB*f«la, IR*'J'h7-rM-lb > 1/4 
*5S 1 c s m 2 ©*JBtf« 1 d £±g«fiOTa 4: bT 
*j«SnT^*. J|l©*JB#T«la'fc, S2©«SSf 
SI dttt, uftiH iNbO.Cio-CJBJ&SixT 20 

*l©«jB«T«laO«JB*rCJ:*ifcom*S 
fc. ^2©SS»fSl d<D$m$T<c&Z&(D?i\l5fat 
#9 0° rftSJ^CEfiStiTOS. 3ix?>2tt©g 
HJfSla, ld©H(c, *a*ft**h-f*fc»©I 
R * v h 7 -f 1 b tm&ffiftZFl1Mft£-K*. Z> fc 
to©l/4*5S'l ci:#EB$ftTV^. 1/4*1 
glo.tt« C©.fc-5C2*fc©1gfl#rSl a, ldHfcE 
a-TS'^S^fet), IR*y h7<r;i/*-lb 

cflbo«S"e»tr*3 c-r a©***!-?* 30 

.5. fcjbN I Rjbf b7-f btt, #7*SS© 

Siffifcl R*y ha*©*S^JiMS^St-i.cii:t<t 

fc: UT L i Nb 0, *mm W *©*@5c:±aii:fi!«© 
JIK£ -5 CUT*^. ^©«-^s IR*>y 

h 7 -f - 1 b <n>B £ * 3 6 C* < f *> - i: #^t6T- 

.[0 0 3 2] H 3 Z&m l/T, E 2 C^t*)*© 

ag(Hja«[»7-< ; ;v^-©fffflCov> , rSiWf5. fci^ 

H3C*V^tt%-KW©fltS±, I R** 1*7^1/*- 40 
1 btt*«ll/t*!K g§l©&S#r*l ai: 1/ 
4**K1 cfc©IHU XtFl^***! cfc*2©* ' 

BStS 1 d fc©tHttN UTEsvUT & 5. 

d = t x (n, a -n. , ) / (2 

cct, t :*B9HK©J*&. 
n. : J|'tt3bBlr*< 
n. ; tt3tefil^* 

JBftKlafc; IR*-yh7^l/^-lb^ 1/4* 
*«l.ckx «!2©»B«fSldi:*c©Jittt!)-&b 50 



11-282047 



8 



[0 0 3 3] »H&U>X2 0fcaMLfcg«Jfe©»K3fe 
Jfc©»fT#fflCttl,TSiIC^r*iII«I# (*3fcL 

i o) i:c©t^L i octtisTaac&irf sfflttfi 

it (a#^L2 0) £C#a>ft3. SICSHtSU 
©JBJf*tt#3fcL 1 Ofc*Hr3fcL2 0C»UTH«l5fc 

>j*«©it«jfc*Ltt-eft*ft»ji6Li o, 

L2 0fcfcoT2o©#KC7}*Ma2fi|fe2:£5. 
T\ m^L 1 OCtffSWirjfeL 2 0©t*ft7?[pl ([eJEl 
Ttt*¥*lRl) §^l©73fqli:t2)i:s 3gl©£JI#TS 
la li, A^^S^Citff^lRltit^f *«l©*|qlC 
■ffiWWfc2£WLT2o©*C#«**ifc**?T?a* 
i:^**. Cixe>1MfiL10i:JI1ir#L2 0tt, 
iiRjfe-Cfcifc©, &©&*£# 1 : 1©, *BSCifi£ 
tS^HfcJTf-SlttMIHfcfcfc*. 
[0 0 3 4] *3fcL10i:JH*JfeL2 0i:H: r 1 
/4*ftRl cCAlttS. C©1/4«*«1 c(±a 

mai**pjai3feK**-r**o-e*!), i o tm 

m^L2 0hliv *@SC9 0° <£*l©g£3 2o©rai 
JfcLlO' tP31)t.L2.0' £:Cgg!£ft£, 
n«3feCS*l/«B*f*Rtta«S}feC»t5©i:H»Cf^ffl 
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SPECIFICATION 

[Title of the invention] Spatial frequency filter and digital 
still camera provided with the same 

[Abstract] 

[Theme] The thickness of a spatial frequency filter that is 
composed of two birefringent plates and a quarter-wave plate 
situated therebetween is diminished. 

[Solution means] A spatial frequency filter is constructed 
by situating a quarter-wave plate lc by which linearly 
polarized light is converted into circularly polarized light 
between first and second birefringent plates la and Id arranged 
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so that the deviation direction of an image caused by the 
birefringence of each plate has a deviation of 90 ° . A 
photographic light flux L that has penetrated through a 
photographic lens 20 is split into an ordinary ray of light 
L10 and an extraordinary ray of light L20 by the birefringent 
plate la, and becomes a double image. After it further 
penetrates through the quarter-wave plate lc, it is split into 
an ordinary ray of light Lll and an extraordinary ray of light 
LI 2 and into an ordinary ray of light L21 and an extraordinary 
ray of light L22 by the birefringent plate Id, and forms a 
fourfold image on an image pickup plane 15a. The amount d of 
a split on the image pickup plane 15a can be increased by making 
the birefringent plates la and Id out of LiNb0 3 in which the 
difference in the refractive index between an ordinary ray and 
an extraordinary ray is larger than in a crystal conventionally 
used. By contrast, in order to obtain the same amount d of a 
split as the crystal, the thickness of the birefringent plates 
la and Id can be diminished further than that of the crystal, 
[what is claimed is;] 

[Claim l] A spatial frequency filter comprises; 
a first birefringent plate as an optical element for 
spatially dividing an input beam of light in a first direction 
perpendicular to the traveling direction of the input beam into 
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two parts so as to split it into two rays of light, 

a quarter-wave plate as an optical element for delaying each 
of the two rays from said first birefringent plate by a 1/4 
wavelength , and 

a second birefringent plate as an optical element for 
spatially dividing each of the two rays from said quarter- 
wave plate in a second direction perpendicular to the first 
direction into two parts so as to split the rays into four rays 
in total, wherein 

at least one of the first birefringent plate and the second 
birefringent plate is made of lithium niobate. 

[claim 2] A spatial frequency filter as set forth in Claim 1, 
characterized in that an IR cutting filter as an optical element 
is situated between the first birefringent plate and the second 
birefringent plate. 

[Claim 3] A spatial frequency filter as set forth in Claim 1 
or Claim 2, characterized in that an antiref lection coat is 
disposed on a boundary plane among the first birefringent plate, 
the second birefringent plate, and the optical elements 
excluding the first and second plates. 

[claim 4] A spatial frequency filter as set forth in Claim 1, 
2, or 3, characterized in that a thickness of each of the first 
birefringent plate and the second birefringent plate is set 
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to be less than that of each of the optical elements excluding 
the first and second plates. 

[claim 5] A spatial frequency filter as set forth in Claim 1, 
2, 3 or 4, characterized in that an optical rotary plate as 
an optical element for rotating an optical rotary plane by 4 5° 
is disposed instead of the quarter-wave plate. 

[claim 6 ] A digital still camera comprises a photographic lens , 
a spatial frequency filter , and an image pickup element for 
picking up light of a subject that has penetrated through the 
photographic lens and the spatial frequency filter, wherein 
the spatial frequency filter is the spatial frequency filter 
as set forth in Claim 1, 2, 3, 4, or 5 that is situated between 
the photographic lens and the image pickup element. 

[Claim 7] A digital still camera as set forth in Claim 6, 
characterized in that the digital still camera is a single lens 
reflex type camera including a quick return mirror and a 
focal-plane shutter, and further comprises a TTL focus 
detection device for detecting a focus, wherein 

the spatial frequency filter is disposed at a position where 
a light flux for detecting the focus does not penetrate. 

[Detailed description of the invention] 

[0001] 

[Field of the Invention] The present invention relates to a 
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spatial frequency filter and a digital still camera provided 
with the . 
[0002] 

[Prior Arts] In a digital still camera that uses an image 
pickup element such as a CCD, a dotted color-separation filter 
is disposed in front of the image pickup element, and it is 
known that a color pseudo-signal, a so-called "color moire", 
is generated by the beat between a repetitive pitch (pixel 
pitch) of this color separation filter and a spatial frequency 
of a subject. In order to prevent this color moire, a spatial 
frequency filter for limiting a spatial frequency is disposed 
between a photographic lens and the image pickup element. In 
the spatial frequency filter, a birefringent plate that has 
a birefringence effect is used as one main constituent element, 
and, in general, this birefringent plate is made of crystal. 

[0003] FIG. 6 shows a spatial frequency filter that is proposed 
by Japanese Patent Publication No. Hei-6-20316. This' is 
constructed such that two birefringent plates are combined so 
that the deviation direction of an image caused by the 
birefringence of each birefringent plate has a deviation of 
approximately 90 degrees between the first and second plates, 
and this is suitably used for an image pickup optical system 
that has a dotted color-separation filter. 
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[0004] Its structure and principle will be briefly described 
hereinafter. A natural photographic light flux 36 that has 
penetrated through a photographic lens 31 is turned into an 
ordinary ray 37 and an extraordinary ray 38 that have a ratio 
of 1:1 in light intensity when it is made incident onto the 
first birefringent plate 32, so that the optical path of the 
beam branches into two optical paths, and the rays fornua double 
image. The ordinary ray 3 7 and the extraordinary ray 38 are 
converted into circularly polarized light 37 1 and circularly 
polarized light 38 ' , respectively, that have a phase difference 
of 90 0 therebetween when they are made incident onto a 
quarter-wave plate 33. In the circularly polarized light 37 1 
and the circularly polarized light 38 1 that have been made 
incident onto the second birefringent plate 34~, the former 
circularly polarized light 37' is split into an ordinary ray 
39 and an extraordinary ray 40 that are equal in light intensity, 
and, similarly, the latter circularly polarized light 38' is r 
split into an ordinary ray 41 and an extraordinary ray 42 that 
are equal in light intensity. As a result, a fourfold image 
is formed on an image pickup element 35. Since the birefringent 
plates 32 and 34 are combined so that the deviation direction 
of the image caused by each birefringence has a deviation of 
90 0 , the fourfold image on the image pickup element 35 



-6- 




• 



constructs a square in which points are equal to each other 
in intensity. If the distance between the respective points 
that corresponds to one side of this square is defined as a 
separation amount d, the separation amount d is given by the 
following formula ( 1 ) : 



where t is the thickness of the birefringent plate, 
n G is the refractive index of the extraordinary ray> and 
n c is the refractive index of the ordinary ray. The spatial 
frequency filter is constructed by bonding the birefringent 
plates 32 and 34 together with the quarter-wave plate 33 
therebetween, and integrating them. 



[Themes to be Solved by the Invention] The form of the image 
pickup element of a digital still camera (DSC) in recent years 
has developed in the two directions of increasing the pixels 
and the enlarging of the screen. When increasing the number 
of pixels to exceed a megapixel while maintaining a 
conventional screen size of about 1/3 inch to 1/2 inch, a 
direction is taken in which a so-called pixel size becomes small. 
A pixel pitch is about Ajum in an image pickup element that 
is, for example, about 1/3 inch in screen size and about 
1,300,000 in the number of pixels. In order to obtain a 



d = tx (n/ - n D 2 ) / (2n e X nj 



(1) 



[0005] 
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separation amount d of an image that corresponds to such a pixel 
pitch by the use of a quartz plate that is most generally used 
as a birefringent plate, the thickness required of the quartz 
plate is about 0.7 mm if calculated backward as d=4 jUm in 
Equation ( 1 ) since the refractive index of crystal with respect 
to light having a wavelength of 589 nm is n e =l . 55336 and 
n 0 =l. 54425. Since the thickness of the quarter-wave plate 
requires about 0.5 mm regardless of the separation amount d, 
the total thickness becomes about 2 mm when the three plates 
of the two quartz plates (birefringent plates 32 and 34) and 
the quarter-wave plate 33 are bonded together to construct the 
spatial frequency filter shown in FIG. 6. 

[0006] However, the circumstances will alter if development 
advances in the direction of screen enlargement such as an image 
pickup element used especially for a single lens reflex type 
camera. A screen size is about 3.6 mmX4.8 mm in a 1/3-inch 
CCD, and, if this is changed to a CCD equal in size to, for 
example, a C type (aspect ratio of 2:3=16 mmX24 mm) in the 
1X240 system (advanced photo system (APS)) in a silver film, 
the entire screen has more than 20,000,000 pixels in a pixel 
pitch of about ijum according to simple calculations, so that 
it is considered that it has not yet risen to a practical- 
use level from the viewpoint of a yield in the manufacturing 



• m 



of a CCD or from the viewpoint of the scale, speed, etc., of 
an image processing circuit. In a CCD with a large screen of 
an APS-C type or a similar type, it is expected that two million 
and several hundred thousand is appropriate in the number of 
pixels, and the pixel pitch in this case is lO-odd/zm. 

[0007] If an APS-C-sized CCD(16 mmX24 mm) is manufactured 
with a pixel pitch of 12 Aim as an example, the number of pixels 
is about 2,670,000. In a spatial frequency filter used for the 
CCD with the pixel pitch of 12 //m in which the birefringent 
plate is made of crystal, the thickness of the one quartz plate 
is expressed as t=2.04 mm if a calculation is made by 
substituting 12//m for d of Equation (1) . If two quartz plates 
each of which has this thickness and a quarter-wave plate (0.5 
mm) are united together, the spatial frequency filter is 4.58 
mm in thickness, which is more than twice the spatial frequency 
filter (2 mm in thickness) of the 4jUm pitch. 

[0008] Further, since the spectral sensitivity of the CCD is 
different from that of a human eye in a DSC using the CCD, it 
is usual to dispose an IR cutting filter by which infrared rays 
are cut in an image pickup optical path. The IR cutting filter 
(about 0.8 mm in thickness) is also bonded to the spatial 
frequency filter and is disposed. As a result, the spatial 
frequency filter that corresponds to the 12//m pitch becomes 
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as much as 5 . 3 8 mm in thickness including the IR cutting filter . 

[0009] The disposition of the spatial frequency filter having 
this thickness between the photographic lens and the CCD brings 
about restrictions on the optical design of the photographic 
lens because the minimum value (a so-called back focus of a 
lens ) of the distance between the rearmost end of the 
photographic, lens and the CCD in consideration of the 
conditions of zooming, focusing, and so on must be larger than 
the thickness of the spatial frequency filter even in the case 
of a general lens shutter type DSC that has no need to dispose 
something between the rear end of the photographic lens and 
the light receiving surface of the CCD. Further, a quick return 
mirror or a fixed semitransparent mirror by which an optical 
path is divided into an optical path for a finder and an optical 
path for an imaging system is first needed between the 
photographic lens and the CCD and, in addition, a mecha-shutter 
is needed therebetween for shutting out rays of light when the 
second/hour is formed or when the picture signal of the CCD 
is read in the case of a single lens reflex type DSC in which 
a subject image by the lens is formed directly on a large CCD 
without using a reduction optical system. The structure in 
which the mirror and the shutter are disposed between the 
photographic lens and the image forming plane is the same as 
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in a single lens reflex camera of a silver film type used 
generally, but it is difficult to dispose the spatial frequency 
filter that exceeds a thickness of 5 mm so as not to obstruct 
the operation of the mirror or the shutter in addition to the 
abovementioned structure. A recent camera especially has been 
equipped with an autofocus (AF) mechanism, and since a light 
flux is guided to a focus detection device by a sub-mirror 
disposed on the reverse side of a quick return mirror, i.e., 
disposed between the quick return mirror and the shutter in 
the single lens reflex camera, it is even more difficult to 
dispose a spatial frequency filter having a thickness exceeding 
5 mm. 

[OOIO] Therefore, the present invention was made in view of 
the foregoing circumstances, and it is an object of the present 
invention to provide a spatial frequency filter that can be 
constructed thinner and a digital still camera provided with 
this filter. 

[0011] 

[ Means for Solving Themes ] In order to achieve the 
abovementioned object, a spatial frequency filter according 
to Claim 1 is comprises; 

a first birefringent plate as an optical element for 
spatially dividing an input beam of light in a first direction 
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perpendicular to a traveling direction of the input beam into 
two parts so as to split it into two rays of light, 

a quarter-wave plate as an optical element for delaying each 
of the two rays from the first birefringent plate by a 1/4 
wavelength, and 

a second birefringent plate as an optical element for 
spatially dividing each of the two rays from the quarter-wave 
plate in a second direction perpendicular to the first 
direction into two parts so as to split the rays into four rays 
in total, wherein 

at least one of the first birefringent plate and the second 
birefringent plate is made of lithium niobate. 

[0012] According to the spatial frequency filter of Claim 1, 
when the same separation amount (details thereof will be 
described later) concerning the four rays of light is intended 
to be obtained, the birefringent plate can be thinned further 
by making the birefringent plate of LiNb0 3 than, for example, 
by making it of .crystal. 

[0013] A spatial frequency filter according to Claim 2 is 
characterized in that an IR cutting filter as an optical element 
is situated between the first birefringent plate and the second 
birefringent plate. 

[0014] According to the invention of Claim 2, although the 
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infrared rays in an image pickup optical path can be cut, the 
spatial frequency filter can be thinned. 

[0015] A spatial frequency filter according to Claim 3 is 
characterized in that an antiref lection coat is disposed on 
a boundary plane among the first biref ringent plate, the second 
birefringent plate, and the optical elements excluding the 
first and second plates. 

[0016] According to the invention of Claim 3, internal 
reflection that is a defect occurring when the birefringent 
plate is made of lithium niobate can be suppressed. 

[0017] A spatial frequency filter according to Claim 4 is 
characterized in that a thickness of each of the first 
birefringent plate and the second birefringent plate is set 
to be less than that of each of the optical elements excluding 
the first and second plates. 

[0018] According to the invention of Claim 4, a spatial 
frequency filter can be, constructed in which the thickness of 
the optical elements other than the birefringent plates 
predominates in terms of the percentage of the total thickness 
of the spatial frequency filter. 

[0019] A spatial frequency filter according to Claim 5 is 
characterized in that an optical rotary plate as an optical 
element for rotating an optical rotary plane by 45° is disposed 
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instead of the quarter-wave plate. 

[0020] Next, a digital still camera according to Claim 6 is 
comprises a photographic lens, a spatial frequency filter, and 
an image pickup element for picking up light of a subject that 
has penetrated through the photographic lens and the spatial 
frequency filter, wherein the spatial frequency filter is the 
spatial frequency filter as set forth in Claim 1, 2, 3, 4, or 
5 that is situated between the photographic lens and the image 
pickup element. 

[ 0021 ] A digital still camera according to Claim 7 is 
characterized in that the digital still camera is a single lens 
reflex type camera including a quick return mirror and a 
focal-plane shutter. 

[0022] Adigital still camera according to Claim 8 is comprises 
a TTL focus detection device for detecting a focus, wherein 
the spatial frequency filter is disposed at a position where 
a light flux for detecting the focus does not penetrate. 

[0023] According to the digital still camera of Claims 6,7, 
and 8, it is possible to apply the technique of a silver-film 
camera that has already been developed, without any 
modification, to a DSC camera using an image pickup element 
large in pixel pitch by using the thin spatial frequency filter 
that can be disposed, without any modification, in the same 
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structure as the camera using a silver film. 
[0024] 

[Preferred Embodiments] Embodiments of the present invention 
will be described hereinafter with reference to the drawings. 

[0025] < Embodiment 1 > Lithium niobate (LiNb0 3 ), as well 
as crystal, is known as a material that has a birefringence 
effect. Lithium niobate is used as a surface acoustic wave 
filter of telecommunication equipment by exploiting the 
property of being distorted by the application of a voltage, 
or is used as a waveguide of a laser beam by exploiting the 
property of being high in refractive index and being 
transparent, but there is almost no example of using the 
birefringence effect itself. However, if the property of 
producing the birefringence is applied to the spatial frequency 
filter, LiNb0 3 can obtain a larger separation amount d than 
crystal under the condition in that the two are the same in 
thickness because, at 25°C, the refractive index of light 
having a wavelength of 550 nm to an extraordinary ray is 2.2238 
(n G =2.2238), and the refractive index thereof to an ordinary 
ray is 2.3132 (n Q =2.3132), which shows that the difference 
between the refractive index of the extraordinary ray and that 
of the ordinary ray is larger than that of crystal. For example, 
in order to obtain a separation amount d of 12 flm, it can be 
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calculated as t=0.3mm from Equation ( 1) and the abovementioned 
values of n G and n G . Compared with 2.04 mm of crystal , this is 
only 15% thereof. 

[0026] FIG. 1 shows an example in which a spatial frequency 
filter whose birefringent plate is made of LiNb0 3 according 
to the present invention is incorporated in a single lens reflex 
type digital still camera (DSC) . This figure is a longitudinal 
sectional view showing the structure of the DSC. 

[0027] The DSC shown in the f igure is provided with a mount 
11 for placing a replaceable photographic lens 20 (see FIG. 
3) at a front part (i.e., left side of the figure) thereof. 
The figure, however, shows the state in which the photographic 
lens has been detached therefrom. Subject light L that has 
penetrated through the photographic lens 20 is split into 
transmitted light Ll for auto focus (AF) and reflected light 
L2 for a finder observation by a semitransparent quick return 
mirror 12. In the state of the finder observation, the 
transmitted light Ll is reflected by a sub-mirror 13 integral 
with the quick return mirror 12, and is made incident onto a 
TTL focus detection device 14 at the bottom of a mirror box. 
On the other hand, the reflected light L2 forms a subject image 
on a focal plane 21a of a focusing plate 21 equivalent to the 
image pickup plane 15 (described later), and the image is 
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enlarged by an eyepiece 23 through a pentagonal prism 22 and 
is observed • 

[0028] When the DSC is released, the quick return mirror 12 
is flapped up together with the sub-mirror 13 while centering 
a base end part 12a, and is evacuated to the position shown 
by the alternate long and two short dashes line 12 ' in the figure. 
This allows the subject light L that has penetrated through 
the photographic lens 20 to proceed to the image pickup plane 
15a (described later). 

[0029] An image pickup element package 16 is disposed at the 
rear part (i.e. , right side in the figure) of the DSC. The image 
pickup element package 16 includes the image pickup element 
15 made up of a CCD and the like and a seal glass 2 covering 
the front side of the image pickup plane 15a. The spatial 
frequency filter 1 according to the present invention is 
disposed in front of and close to the seal glass 2. The image 
pickup element package 16 is fixed to a camera body 19 by means 
of a screw 18 through a bracket 17. The bracket 17 and the side 
of the camera body 19 where this is mounted undergo highly 
accurate processing, and, as a result, the image pickup plane 
15a of the image pickup element package 16 is disposed with 
optically high accuracy. 

[0030] A shutter unit 3 is disposed between the spatial 
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frequency filter 1 and the abovementioned quick return mirror 
12, thereby light is shut off when an image pickup signal of 
the image pickup element 15 is read. FIG. 1 shows a state in 
which a shading curtain 3a is closed when the signal is read 
after exposure. The shutter unit 3 is constructed such that 
the shading curtain 3a is opened when the image pickup element 
begins to be exposed to light so that the subject light L reaches 
the image pickup plane 15a. 

[0031] FIG. 2 is a perspective view showing an example of the 
spatial frequency filter 1 according to the present invention. 
The spatial frequency filter 1 shown in this figure is composed 
of four planar optical elements, which are main constituent 
elements, namely, a first birefringent plate la, an IR cutting 
filter lb, a quarter-wave plate lc, and a second birefringent 
plate Id. The first birefringent plate la and the second 
birefringent plate Id are each made of LiNb0 3 , and they are 
disposed so that a deviation of 90° is produced between the 
deviation direction of an image caused by the birefringence 
of the first birefringent plate la and the deviation direction 
of an image caused by the birefringence of the second 
birefringent plate Id. The IR cutting filter lb for cutting 
infrared rays and the quarter-wave plate lc for converting 
linearly polarized light into circularly polarized light are 
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disposed between the two birefringent plates la arid Id. The 
quarter-wave plate lc needs to be disposed between the two 
birefringent plates la and Id in this way, and the IR cutting 
filter lb is usually sandwiched between other substrates so 
that its surface is not exposed to the air because cloudiness 
occurs on contact with the air. It should be noted that the 
IR cutting filter lb can be constructed by depositing a 
multi-layer film, which has an IR cutting effect, on the surface 
of a glass substrate, and, instead of this, LiNb0 3 , for example, 
may be used as a substrate on which the same multi-layer film 
as above is formed. In this case, the thickness of the IR cutting 
filter lb can be diminished further. 
[0032] Next, the operation of the spatial frequency filter 
constructed as shown in FIG. 2 will be described with reference 
to FIG. 3. In FIG. 3, for convenience of explanation, the IR 
cutting filter lb is omitted, and a space is given between the 
first birefringent plate la and the quarter-wave plate lc and 
between the quarter-wave plate lc and the second birefringent 
plate Id. 

[0033] A natural photographic light flux L (input light) that 
has penetrated through the photographic lens 20 branches into 
linearly polarized light (ordinary ray L10) that vertically 
vibrates with respect to the traveling direction of light and 
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linearly polarized light (extraordinary ray L20) that 
vertically vibrates with respect to the ordinary ray L10 when 
the beam is made incident onto the first birefringent plate 
la. Since the refractive index of the first birefringent plate 
la shows a different value to each of the ordinary ray L10 and 
the extraordinary ray L20, the photographic light flux L that 
has been made incident onto the plate is turned into the 
ordinary ray L10 and the extraordinary ray L2 in individual 
optical paths, and forms a double image. Herein, if the 
deviation direction (horizontal direction in the figure) of 
the extraordinary ray L20 relative to the ordinary ray L10 is 
defined as a first direction, it can be said that the first 
birefringent plate la is an optical element that spatially 
divides the input light into two parts in the first direction 
perpendicular to the traveling direction thereof so as to split 
it into two rays of light. Since the ordinary ray L10 and the 
extraordinary ray L20 are each originally a natural ray of light, 
they become linearly polarized light having polarization 
planes perpendicular to each other and having a light intensity 
ratio of 1:1. 

[0034] Thereafter, the ordinary ray L10 and the extraordinary 
ray L20 are made incident onto the quarter-wave plate lc. The 
quarter-wave plate lc is to convert linearly polarized light 
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into circularly polarized light , and the ordinary ray LlO and 
the extraordinary ray L20 are converted into two circularly 
polarized light LlO ' and L20 ' , respectively, that are different 
from each other in phase by 90° . In general, the birefringent 
plate acts on circularly polarized light in the same way as 
on natural light, and therefore, in the circularly polarized 
light LlO ' and the circularly polarized light L20' that have 
been made incident onto the second birefringent plate Id, the 
former circularly polarized light LlO' is split into an 
ordinary ray Lll and an extraordinary ray L12 that are equal 
in intensity to each other, and, similarly, the latter 
circularly polarized light L20' is split into an ordinary ray 
L21 and an extraordinary ray L22 that are equal in intensity 
to each other. The deviation direction of the extraordinary 
ray L12 relative to the ordinary ray Lll at this time and the 
deviation direction of the extraordinary ray L22 relative to 
the ordinary ray L21 at this time each become the second 
direction (vertical direction in the figure) perpendicular to 
the first direction. 

[0035] As mentioned above, the photographic light flux L, 
which is originally one light flux, is first split into the 
ordinary ray LlO and the extraordinary ray L20 by the first 
birefringent plate la, and thereafter, they are subjected to 
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circular polarization by the quarter-wave plate lc, and are 
split into the four rays of light of the ordinary rays Lll and 
L21 and the extraordinary rays L12 and L22 by the second 
birefringent plate Id. As a result, a fourfold image is formed 
on the image pickup plane 15a of the image pickup element 15. 
Since the first and second birefringent plates la and Id are 
combined so that the deviation direction of the image caused 
by each birefringence has a deviation of 90° as mentioned above, 
the fourfold image on the image pickup plane 15a constructs 
a square in which points are equal in intensity to each other. 
If the distance between the respective points that corresponds 
to one side of this square is defined as a separation amount 
d, the separation amount d is given by the following formula 



where t is the thickness of the birefringent plate, n e is the 
refractive index of the extraordinary ray, and n 0 is the 
refractive index of the ordinary ray. The spatial frequency 
filter according to the present invention is constructed by 
bonding the first birefringent plate la, the IR cutting filter 
lb, the quarter-wave plate lc, and the second birefringent 
plate Id together in this order, and integrating them. 
[0036] It is usual that, if the pixel pitch of the image pickup 



(1): 



d = tx (n e 2 - n G 2 ) / (2n e X n G ) 
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element 15 is, for example, 12 jura, the first and second 
birefringent plates la and Id made of LiNb0 3 are each 0.3 mm 
in thickness, the quarter-wave plate lc made of crystal or the 
like is about 0.5 mm in thickness, and the IR cutting filter 
lb is about 0.5 to 0.8 mm in thickness, and therefore the total 
thickness of the four planar optical elements attains 1.6 to 
1 .9 mm as a result of adding up them. This thickness, for example, 
the maximum 1.9 mm, is 35% of the total thickness 5.38 mm 
obtained when the first and second birefringent plates la and 
lb are each made of crystal, thus having a considerable effect 
in space-saving. Especially, the position of the image pickup 
element 15 does not have the least degree of freedom for the 
reason that the image pickup plane 15a must be disposed on an 
image formation plane of the photographic lens 20, and a space 
for arranging the shutter unit 3 and the spatial frequency 
filter 1 is inevitably limited, and therefore the space-saving 
effect is larger than in the case of crystal. An AF single lens 
reflex camera has become a commonly used in recent years, and 
there is the sub-mirror 13 in the rear part of the quick return 
mirror 12, and a wide space is not provided between the rear 
end of the sub-mirror 13 and the shutter unit 3 or between the 
rear side of the shutter unit 3 and the lens image forming plane, 
and therefore, if the structure of the silver-film AF camera 
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usually used is not improved, it is very difficult to dispose 
the spatial frequency filter having a considerable thickness 
of 5.38 mm. 

[0037] However, if the spatial frequency filter 1 according 
to the present invention as mentioned above is used, that 
becomes possible by the space-saving effect, and it becomes 
possible to realize a DSC that uses a large-screen image pickup 
element exceeding a pixel pitch of 10/Zm while basically using 
the structure of the present silver-film single lens reflex 
camera without adding improvements thereto. 

[ 0038 ] Although LiNb0 3 that forms the first and second 
birefringent plates la and Id has cleavage, its drawback can 
be sufficiently compensated for by bonding it to the 
quarter-wave plate lc and the like and integrating them in the 
present invention . 

[0039] In the spatial frequency filter 1 constructed as above, 
an optical rotary plate for rotating the polarization plane 
of light by 45° can be used instead of the quarter-wave plate 
lc. The example using the optical rotary plate in the 
conventional spatial frequency filter whose birefringent 
plate is made of crystal is disclosed by, for example, Japanese 
Patent Publication No. Hei-6-20316 described above. In the 
present invention, almost the same effect as in the case where 
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the abovementioned quarter-wave plate lc is used can be 
achieved even in the case of the adoption of a structure 
composed of an optical rotary plate such as the abovementioned 
one and the first and second birefringent plates la and Id made 
of LiNb0 3 . Thereby, it can be said that the degree of freedom 
concerning structures other than the first and ' second 
birefringent plates la and Id is raised. Further, it is, of 
course, possible to use other optical elements , if they perform 
the same operation as the quarter-wave plate lc or the optical 
rotary plate, without being limited to these plates. 

[0040] FIG. 4 is a graph showing the relationship between the 
pixel pitch of the image pickup element 15 and the thickness 
of the spatial frequency filter in the case where the first 
and second birefringent plates are each made of crystal and 
in the case where they are each made of LiNb0 3 . Herein, if the 
thickness of the IR cutting filter lb other than the 
birefringent plates la and Id is 0.6 mm, and the thickness of 
the quarter-wave plate lc is 0.5 mm, and the thickness of the 
birefringent plates la and Id obtained from Equation (1) is 
t, the total thickness T of the spatial frequency filter is 
1.1+3 4 Op (p is the pixel pitch of the image pickup element) 
in crystal, and is l.l+50.7p in LiNb0 3 . It is understood that 
the larger the pixel pitch p becomes, the larger the difference 
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(see Al and A 2 in the figure) in thickness between the two 
cases becomes. For example, A 1 is 1.16 mm when p=4>am, and A 
2 is 4.63 mm when p=16//m, and it is understood that a 
space-saving effect obtained by making the biref ringent plates 
la and Id of LiNb0 3 is heightened as the pixel pitch becomes 
larger. 

[004l] It should be noted that, since the refractive index 
of LiNb0 3 is vastly different from that of crystal or that of 
glass corresponding to BK7 that is a material of the IR cutting 
filter, internal reflection occurs in its boundary plane more 
easily than in the case where plates of crystal are bonded 
together. In the case of the spatial frequency filter that uses 
LiNb0 3 , since the internal reflection can be prevented by 
mounting an antiref lection coat at the boundary plane, it is 
preferable to mount not only the antiref lection coat on its 
surface like a usually used optical filter but also the 
antiref lection coat at the boundary plane where the plates are 
bonded together. 

[0042] < Embodiment 2 ) FIG. 5 shows a second embodiment. 
In the second embodiment, the position of disposition of the 
spatial frequency filter is changed so as to differ from its 
position in the first embodiment. The same symbols are given 
to the members having the same structure/operation as in the 
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first embodiment, and a repeated description thereof is 
omitted . 

[0043] As shown in this figure, the thin spatial frequency 
filter 1 that uses LiNb0 3 can also be disposed in front of the 
quick return mirror 12 in a single lens reflex type camera. 
In this case, since the spatial frequency filter 1 is still 
disposed in the optical path (photographic light flux L) of 
the photographic lens in a photographing state (alternate long 
and two short dashes line in the figure) in which the quick 
return mirror 12 is in a raised position, its optical effect 
is equal, and, since the spatial frequency filter 1 is disposed 
in both of a finder observation optical path and an AF detection 
optical path also in a finder observation state (solid line 
in the figure) in which the quick return mirror 12 is in a 
lowered position, the effect of image separation of the spatial 
frequency filter 1 exerts an influence upon a finder image and 
upon AF detection accuracy, and thus strictly speaking is 
undesirable. However, even if there are very few intervals 
between the shutter unit 3 and the image pickup element 15, 
so that the spatial frequency filter cannot be disposed between 
the shutter unit 3 and the image pickup element 15 even by the 
space-saving effect of LiNb0 3 , the filter can be disposed 
between a track 12s of the front end of the quick return mirror 
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12 when operated and the rearmost end LB of the photographic 
lens by shortening the front end of the quick return mirror 
12 further than in a 135-size single lens reflex camera • Since 
the quick return mirror 12 can be made smaller correspondingly 
if the size of the image pickup element is less than 135 (APS 
size, for example) in comparison with the quick return mirror 
of the 135-size camera, the arrangement space of the thin 
spatial frequency filter 1 that uses LiNb0 3 can be created in 
proportion to the shortening of the front end of the quick 
return mirror 12. 

[0044] In the first embodiment mentioned above and the second 
embodiment mentioned immediately above, a description was 
given of an example in which the first and second biref ringent 
plates la and Id of the spatial frequency filter 1 are each 
made of LiNb0 3 , but a similar space-saving effect can be 
achieved even in an example in which one of the two biref ringent 
plates la and Id is made of LiNb0 3 and the other one is made 
of, for example, crystal. That is, the present invention 
includes, as its technical scope, not only the example in which 
both of the two biref ringent plates la and Id are made of LiNb0 3 , 
but also the example in which only one of them is made of LiNb0 3 . 

[0045] 

[Effects of the Invention] As described above, according to 
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the present invention of Claim 1, it is possible to make the 
birefringent plate thinner and make the entire spatial 
frequency filter thinner than the conventional plate that uses 
a crystal plate by making the birefringent plate of LiNb0 3 in 
order to obtain the same separation amount. 

[0046] According to the present invention of Claim 2, since 
the thickness of the spatial frequency filter can be reduced 
while infrared rays in the image pickup optical path can be 
cut by disposing the IR cutting filter, the spatial frequency 
filter having a thickness that causes no obstruction to its 
disposition in the camera can be constructed even when the IR 
cutting filter is integrated therewith. 

[0047] According to the present invention of Claim 3 , internal 
reflection that is a drawback occurring when the birefringent 
plate is made of lithium niobate can be suppressed. 

[0048] According to the present invention of Claim 4, since 
it is possible to construct the spatial frequency filter in 
which the thickness of optical elements other than the 
birefringent plate predominates in terms of the percentage of 
the total thickness of the spatial frequency filter, the 
spatial frequency filter can be prevented from rapidly 
thickening even when the pixel pitch of the image pickup element 
increases . 
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[0049] According to the present invention of Claim 5, since 
the optical rotary plate can be used instead of the quarter-wave 
plate, the degree of freedom to select optical elements 
increases when the spatial frequency filter is designed. It 
should be noted that the quarter-wave plate and the optical 
rotary plate are examples, and, needless to say, other optical 
elements can be used if the other optical elements function 
in the same way as the plates . 

[0050] According to the present invention of Claims 6,7, and 
8, since the thickness of the spatial frequency filter is the 
one that is enough to be disposed in a structure similar to 
that of a camera that uses a silver film, the technique of the 
silver-film camera that has already been developed is 
advantageously applicable, without any modification, to a DSC 
camera that uses an image pickup element large in pixel pitch. 

[Brief description of the drawings] 

[FIG. l] A longitudinal sectional view that shows embodiment 
1 of the single lens reflex type digital still camera provided 
with the spatial frequency filter according to the present 
invention. 

[FIG. 2] A perspective view that shows the structure of the 
spatial frequency filter according to the present invention. 
[FIG. 3] A perspective view that shows the schematic structure 
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and principle of the spatial frequency filter according to the 
present invention. 

[FIG. 4] A diagram that shows the relationship between the 
thickness of the spatial frequency filter and the pixel pitch 
of the image pickup element. 

[FIG. 5] A longitudinal sectional view that shows embodiment 

2 of the single lens reflex type digital still camera provided 
with the spatial frequency filter according to the present 
invention. 

[FIG. 6] A perspective view that shows the schematic structure 
and principle of the conventional spatial frequency filter. 

[Description of Symbols] 
1 Spatial frequency filter 
la First birefringent plate 
lb IR cutting filter 
lc Quarter-wave plate 
Id Second birefringent plate 

3 Focal-plane shutter (shutter unit) 

12 Quick return mirror 

13 Sub-mirror 

14 TTL focus detection device 

15 Image pickup element 
15a Image pickup plane 
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16 Image pickup element package 
d Separation amount 
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